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ABSTRACT
ANTECEDENTS AND DISTRACTORS IN THE ANAPHOR RESOLUTION
PROCESS: THE INFLUENCE OF RELATIVE STRENGTH OF ASSOCIATION IN
MEMORY
SEPTEMBER 1998
ROBERT A. MASON, B.S., UNIVERSITY OF PITTSBURGH
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST
Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Jerome L. Myers
In three experiments, subjects read passages containing one or two candidates for an
anaphoric reference that differed in their distance from the reference and their strength of
association to the categorical anaphor. Eye movements were recorded in Experiment 1
.
When a distractor was present, readers spent longer on the anaphoric noun when the
antecedent was high-typical; however, they spent longer on the words following the
anaphoric noun when the antecedent was low-typical. This effect, accompanied by an
increase in regressions to the disambiguating adjective for the target region when the
antecedent was low-typical and a distractor was present, indicate that, in this
condition,
the distractor was identified before the antecedent.
Recognition probes in Experiment 2
showed that near, high-typical distractors were more available than far,
low-typical
antecedents; however, a facilitation effect for the antecedents
suggest that the anaphor
was successfully resolved. Delayed long-term
memory probes were used in Experiment 3
VI
to investigate the result of the resolution process. The results from the three
are discussed in terms of a general framework for anaphor resolution.
vii
experiments
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CHAPTER I
A FRAMEWORK FOR THE ANAPHOR RESOLUTION PROCESS
To fully understand a text we must often find a referent for an anaphoric phrase.
The goal in this paper is to contribute to a theory of the anaphor resolution process on the
basis of the answers to the following questions. First, how is the process of resolving an
anaphor under various conditions reflected in eye movement data? Second, how is the
activation level of possible referents affected immediately after having resolved an
anaphoric reference? Third, what changes are there in the discourse representation as a
result of resolving an anaphoric reference? Specifically, how is the long-term memory
trace of possible referents altered during anaphor resolution? The experiments proposed
here are designed to address these questions.
A generally held view of the discourse representation is that it can be viewed as an
interconnected network of nodes representing concepts and propositions (e.g., Anderson,
1983; Kintsch, 1988; van Dijk & Kintsch, 1983; Gillund & Shiffrin, 1984; Myers &
O’Brien, in press). Within this framework, nodes and their links are assumed to vary in
strength, and these strengths determine the activation flow from one node to another.
When a word is read, activation accumulates on those propositions that are related to it.
Let us assume that propositions that share some type of relation to one another, such as
featural or argument overlap, are linked in the text base representation. Then, activation
builds on nodes that are linked to the current word on the basis of these relationships
between propositions; as a concept acquires a sufficient amount of activation, it becomes
active (Goldman & Varma, 1995; Goldman, Varma & Cote, 1996). Once a concept or
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proposition becomes active, it may be integrated into the discourse representation. As a
result of the integration process, the trace strengths of those propositions resident in
working memory are assumed to be incremented (Kintsch and Welsch, 1991 ).
In the case of anaphor resolution, activation will accumulate on the candidate
antecedents (this phrase will be used throughout the paper to refer to words from the text
which are exemplars of the anaphoric category, specifically the antecedent and the
distractor) contained in the passage along with other exemplars connected to the
categorical anaphor’ s node in semantic memory. Consider the following examples of
categorical noun anaphors;
(1 ) A bus went down the street.
The vehicle smashed into a tree.
(2) The bus just missed hitting the broken-down car.
Soon after, the stalled vehicle started.
Although the two sentences are consecutive in both (1) and (2), it is possible to insert
several sentences between them and still make the reference clear. When readers
encounter the categorical noun anaphor “ vehicle,” they then have to connect it to its
antecedent in the earlier sentence, the bus, in (1), or the broken-dovm car, in (2). Due to
the semantic association between the categorical anaphor and the recently encountered
candidate antecedents, both the antecedent and distractor will receive activation following
an anaphoric reference. Before anaphor resolution is complete, however, the appropriate
candidate antecedent must be selected and verified. In general, there are three stages
involved in anaphor resolution; (1) Identification, in which propositions representing
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candidate antecedents become active; (2) Selection, in which a candidate antecedent is
selected for integration; (3) Verification, in which the selected proposition is verified as
the referent and integrated into the representation. Two formulations of the search
process involved in the identification stage are consistent with previous research; the first
is a limited capacity search model and the second is an exhaustive search model.
In a limited capacity search model, a limited pool of activation can be assumed to
spread to linked propositions in memory. In Anderson’s ACT model (1976), it is assumed
that the time for activation to spread to any node would be a function of the number and
relative strengths of links between nodes connected to the source. In a case in which
there are no distractors present, the activation of the antecedent can be expressed using
the following relationship:
in which A = activation, = strength of the antecedent, ' and K = strength of semantic
associates. Assuming that time for an antecedent to become available is a decreasing
function of activation, the antecedent will have a relatively high level of activation in the
absence of a distractor, resulting in a rapid resolution. In resolving an anaphoric reference
when there are distractors present, the equation expressing the activation of the
antecedent changes so that now activation is summed over not simply the antecedent and
semantic associates, but also the strength of the distractor, which is represented as S^.
A. Limited Capacity Search Model
( 1 )
(2)
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It follows that the process of spreading activation will take longer when anaphor
resolution is more difficult; for example, it will take longer for activation to accumulate
on the intended antecedent when distractors are also present.
Furthermore, assuming that the strengths of both the antecedent and distractor
decline with time, there should result an increase in reading times as the antecedent
increases in distance from the anaphor. This increase occurs as a consequence of the time
required for activation to accumulate on the antecedent to a level sufficient to enter
working memory; upon encountering the anaphor, more distant antecedents will begin at
a lower initial activation level than near antecedents. As described above, processing
time will also increase when the limited pool of activation is divided among several
nodes. When activation is diverted to a distractor along with the antecedent, it will take
longer for the antecedent to reach a threshold level.
As Equation 2 implies, if we increase the strength of the link to an alternative
candidate, we should (1) slow the process by increasing the amount of time before
activation accumulates on any one candidate to a level that will result in its being
identified, and, (2) increase the probability that an alternative candidate is identified. If
we assume that the typicality of exemplars in categories is a measure of the strength of
the exemplar-category relation, then we can vary the relative saliency o^" the antecedent
and distractor by varying how typical they are as members of the anaphoric category.
B. Exhaustive Search Model
In the early 80’s, Torch (1982), Ratcliff and McKoon (1981) and Anderson (1983)
all independently arrived at similar conclusions involving activation. All
three proposed
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that the activation of concepts in memory is a two-stage process in which several
concepts are activated in the first stage and one is selected in the second stage. Lorch
concluded that the strength of association between category concepts and their exemplars
did not affect the rate of activation but did affect the time required to select among the
activated concepts. Anderson cited additional evidence for this position, further arguing
that the rate of activation of concepts in the first stage was rapid. Fan effects, processing
time increases due to an increase in the number of items to be processed, were said to be
due to a decision process in the second stage. Whereas the Lorch and Anderson
conclusions were based on studies of semantic memory, Ratcliff and McKoon (1981)
used sentence materials but came to essentially the same conclusion based on the time
course of activation spreading between nodes representing sentences in a paragraph. They
also found that the time for activation to reach a node was not a function of distance but
occurred very quickly. They concluded that the "amount of activation that arrives at a
node falls off as a function of distance, but that the time required for activation to arrive
at the node is not a function of distance"(pg.461). Thus, there is evidence from both
semantic (Anderson, 1983; Lorch, 1982) and episodic (Ratcliff and McKoon, 1981)
memory studies that the initial identification stage will not be affected by distance, or
number of antecedents.
In the second stage, the actual antecedent would need to be selected. The
concepts and propositions that have been identified in the first stage now reside in an
ordered buffer according to their levels of activation. The most active item will be
selected and an attempt will be made to verify it as the intended referent. The time
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required to select and verify an antecedent will be a function of its relative level of
activation. As in the limited capacity model, if we assume that strength decays with time,
the relative activation of a near antecedent with respect to its semantic associates would
be greater than the relative activation ot a far antecedent to its semantic associates. This
difference in relative activation would result in an increase in the time to select the
antecedent the further back it appears in the text. In addition, if there is a distractor
present, there is an additional competitor in the selection phase. The probability of delay
due to an attempt to select a non-antecedent increases when there is a recently processed
distractor, which might therefore have a higher level of activation. This increased
probability of a delay will account for a distractor effect.
Under either the limited capacity search model or the exhaustive search model, we
expect there to be processing time differences due to the relative strengths of association
of the candidate antecedents and the categorical anaphor. In a limited capacity
framework, these processing time differences occur because the time for the antecedent to
accrue activation in the search stage is affected by the typicality of the candidate
antecedents. Under the exhaustive search model, it is not the time for the antecedent to
become active that is affected, but rather the selection stage is affected by changes in the
relative level of activation of the antecedent and the distractor. In Experiment 1, the
relative strengths of association of the candidate antecedents to the categorical anaphor
will be manipulated to investigate their effect upon the time course of the resolution
process. Because it is not readily apparent when the activation stage ends and the
selection stage begins, it is unlikely that we will be able to distinguish between these
two
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formulations of the activation, selection and verification of antecedents on the basis of the
current experiments. However, both models should be consistent with the predictions we
will develop. The goal therefore, is to work towards the development of a comprehensive
view of the activation, selection and verification processes which are required by anaphor
resolution under the general framework that encompasses both the limited capacity and
exhaustive search models.
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CHAPTER 11
READING TIME RESULTS
Anaphor resolution takes longer when finding a referent is more difficult (Corbett,
1984; Duffy and Rayner, 1990; Mason, 1997). For instance, finding a referent is more
difficult when the antecedent is further from the anaphor (Duffy & Rayner, 1990; Mason,
1997), or when there is more than one candidate antecedent (Corbett, 1984; Mason,
1997). Duffy and Rayner (1990) presented readers with passages containing noun
anaphors that appeared either one line after (near) or four lines after (far) an antecedent.
In a sample passage they first mentioned an object (robin or goose), and later referred to
that item using a categorical noun (bird). They varied the typicality of the exemplar and
the distance between the anaphor and the antecedent. Monitoring eye movements, Duffy
and Rayner found that when antecedents were high-typical exemplars, distance affected
gaze duration (the time the eyes spend fixated on a word from first encountering it until
going past it) upon the categorical anaphor (the target region) but had no effects in the
region following the anaphor (the post-target region). That distance affects the anaphor
resolution process was confirmed by Mason’s (1997) finding of increased first pass times
on the anaphoric noun as the distance between the anaphor and antecedent increased.
Corbett (1984) has shown that the presence of a second candidate antecedent also
slows the anaphor resolution process. He measured word-by-word reading times to
investigate how the anaphor resolution process was affected by the presence of
categorically consistent non-antecedents, or distractors. In the first of two experiments,
Corbett measured the overall reading times for the anaphor region, which consisted
of an
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adjective-noun phrase (e.g., frozen vegetable) and the three words which followed it.
These overall reading times were longer for those passages in which a distractor was
present. Breaking down the overall reading times, Corbett found that reading times were
equal for the adjective in both the distractor-present and distractor-absent passages. This
was also true for the last word of the reference string in both conditions. Thus, the
slowdown in reading times due to the presence of a distractor first occurred on the
categorical noun and continued over the next two words.
Using more passages and measuring eye movements. Mason (1997) confirmed
that the presence of a distractor affected the anaphor resolution process. In a typical
passage, the protagonist decided to buy "'thefresh vegetable" after having either
considered "fresh corn" (no distractor), or ""fresh corn" and ""frozen beans" (distractor
present) earlier in the passage. The antecedent and distractor in Mason’s experiments
were always highly typical members of the anaphoric category. Experiment 1 found
increases in first pass times on the anaphoric noun when a distractor was present,
accompanied by an increase in regressions to a disambiguating adjective. That is, in the
anaphoric phrase ""the fresh vegetable," readers looked longer at the word ""vegetable" and
made more regressions to the adjective ""fresh" when the anaphoric phrase was preceded
by the distractor ""frozen beans" along with the antecedent ""fresh corn"
In addition, distractor effects have been shown to interact with typicality. In
Corbett's second experiment, he varied the presence or absence of a second candidate
antecedent (a distractor) and the typicality of the antecedent and distractor. For example,
when the reference was 'frozen vegetable," the two possible antecedents were frozen
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asparagus" or "fresh corn." Using self-paced word by word reading, Corbett once again
found a distractor interlerence ettect; however, there was an interaction with typicality.
Assuming that a more typical exemplar will have a higher level of activation, there should
be a greatei interfeience ettect when it is a distractor and less when it is the antecedent
which is what Corbett found. When the antecedent was a highly typical exemplar and the
distractor was atypical, Corbett did not obtain an interference effect. In contrast, when the
antecedent was atypical and the distractor was highly typical, there was a large
interference effect. In short, interference was a function of the relative activation of the
antecedent and the distractor. Although there was no main effect of typicality, such an
effect may have been hidden by the long reading times that resulted from the
word-by-word technique. Such long reading times may be caused by the lack of
peripheral information that is available during normal reading. This might serve to
eliminate any effects that are short in duration and therefore difficult to detect when
reading times are longer and more variable. In addition, because Corbett had subjects
press a button to see the next word, it is difficult to draw conclusions about the time
course of the resolution process.
Using longer passages, O'Brien, Plewes, and Albrecht (1990) also investigated the
effects of distractors upon anaphor resolution. They determined that the distractors
slowed reading times for the sentence containing the anaphor only when the distractor
was from the same semantic category. Combined with Corbett's results, this indicates that
distractors do interfere with the anaphor resolution process. However, this slowdown only
occurs when the distractors are from the same semantic category. Furthermore, the
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slowdown will be on a continuum; typical distractors will cause an even greater
slowdown than atypical ones.
All of these reading time results are consistent with either formulation of the
anaphor resolution process as presented in Chapter 1 . The increase in processing time as a
function of the distance between the antecedent and the distractor (Duffy and Rayner,
1990; Mason, 1997) is a result of the strength of the antecedent decreasing over time, an
assumption shared by both models. The limited capacity search model and the exhaustive
search model will both require additional processing when a distractor is present (Corbett,
1984; Mason, 1997); in the case of the former the distractor effect is a result of an
increase in time before the antecedent acquires sufficient activation; in the latter, the
distractor effect is the result of a more complex selection stage. That the distractor effect
only occurred when the distractors were from the same semantic category (O’Brien et al.,
1990) is also consistent with both models. In the limited capacity model, as can be seen
in Equation 1
,
the activation of the antecedent is divided by the sum of those items which
are members of the antecedent’s semantic category. In the exhaustive search model,
selection is only necessary among those items that are related to the categorical anaphor.
Finally, the interaction between the distractor effect and the typicality of the antecedent
and distractor is consistent with our general framework. A further examination of the
relationship between the distractor effect and relative typicality of candidate antecedents
will be explored in Experiment 1. In Experiment 1, reader’s eye movements will be
recorded as an indication of the time spent processing an anaphoric reference. The
11
differences in reading time for the anaphoric reference will be explored under conditions
in which the relative typicality of the antecedent and distractor are varied.
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CHAPTER III
ON-LINE PROBE RESULTS
A common technique in the study of anaphor resolution is to present a probe
following the anaphorie reference; response times and error rates provide a measure of
activation of antecedents (e.g., Dell, McKoon & Ratcliff, 1983; Gernsbacher, 1989;
Green, Gerrig, McKoon & Ratcliff, 1994; Lucas, Tanenhaus, & Carlson, 1990). For
example, the probe word may require that the reader make a binary decision. In one such
task the reader may have to respond “yes” or “no” depending on whether the probed word
was in the preceding passage, as would be the case in a recognition response, (e.g.,
Gernsbacher, 1989; Mason, 1997). In another such task, the reader would respond “yes”
or “no” depending on whether the probe was a word or not, as is the case in a lexical
decision task. A third type of probe only requires that the reader name the word aloud,
eliminating the need for a binary response (O’Brien, Duffy & Myers, 1986).
Probe word response times can be interpreted within the general framework
presented in Chapter 1 . Within that framework, the antecedent and any possible
distractors are represented as nodes which are linked to the anaphoric noun in the network
of nodes representing concepts and propositions associated with the text. Upon reading
the anaphor, activation will flow to those concepts linked to the anaphoric noun. As a
result of activation accumulating on candidate antecedents, we might expect them to be
more available in memory. Therefore, presenting the reader with a probe of an item that
has accumulated additional activation should result in faster and more accurate responses
compared to responses to the same probe word following a non-anaphoric sentence in
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which no additional activation would accumulate on the probed item. A facilitation effect
has been found for both antecedent (Dell et al„ 1983; Mason, 1997; McKoon & Ratcliff,
1980; O’Brien, 1987), and distractor probes (O’Brien, 1987; O’Brien, et al, 1990).
A. Antecedents
Gernsbacher’s (1989) recognition probe experiments using both explicit (repeated
name) anaphors and pronominal anaphors led her to hypothesize that the activation levels
of both the antecedent and the distractor change following an anaphoric reference. The
mechanism by which an antecedent increases in activation is referred to as facilitation (or
enhancement) whereas the decrease in activation for a distractor is termed inhibition (or
suppression). Gernsbacher presented readers with sentences like the following;
(la) Bill handed John some tickets to a concert but Bill/he took the tickets back
immediately.
(lb) Ann predicted that Pam would lose the track race but Pam/she came in first
very easily.
The participants were then presented with a probe word either before or after the
anaphoric noun, “Bill” or “Pam” in the repeated name versions and “he” or “she” in the
pronoun versions. In later experiments, the probe word appeared at the end of the
sentence. Response times to the antecedent were faster following the anaphor in
the
repeated name version, supporting the conclusion that antecedents
accumulate additional
activation following explicit anaphors.
Several other researchers have found that response times to
antecedent probes
faster after an anaphoric reference (Mason, 1997; McKoon & Ratcliff, 1980,were
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O’Brien, Duffy, & Myers, 1986). In Mason’s Experiment 2, participants made
recognition judgements for a probe word that was either the antecedent or distractor.
This probe occurred after reading the anaphoric noun phrase or after a neutral phrase that
did not include an anaphoric reference. Responses to the antecedent were facilitated with
respect to a no-anaphor baseline condition, confirming that the actual referent was
retrieved.
A number of studies have not found facilitation effects for antecedents. Although
Gernsbacher ( 1989) found facilitation when the anaphor was a repeated name, she did not
observe a facilitation effect when the anaphor was a pronoun, nor was any facilitation
observed at the end of the sentence. She concluded that the facilitation mechanism is
delayed in less explicit anaphors. However, by the end of the sentence the additional
activation on the antecedent may no longer be detectable.
Lucas, Tanenhaus and Carlson (1990), used categorical referents rather than
pronominal referents. Participants heard passages such as:
(2) Sarah could not decide whether to buy steak or hamburger.
She finally chose the more expensive meat.
After hearing the sentence pairs, participants were presented with a visual probe of the
antecedent or the distractor. In a lexical decision task, Lucas et al. found no evidence
of
facilitation of antecedents. Although these materials are similar to the
materials in the
Corbett (1984) and Mason (1997) experiments, most of the Lucas et al. passages
did not
contain a disambiguating adjective held in common by the antecedent
and the anaphor.
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Recall that the materials in the Corbett and Mason experiments involved references which
were preceded with an adjective (e.g., frozen vegetable) which matched the adjective
descriptor of the antecedent (e.g., frozen corn) but not the adjective descriptor of the
distractor (e.g., fresh beans); resolution required that the reader simply match the
anaphor’s descriptor with the antecedent’s descriptor. In order to resolve the anaphoric
reference in passages used in the Lucas et al. experiments, the reader would have to verify
the antecedent through the use of semantic memory; for example determining that '"steak"
is a "more expensive meat" than "hamburger." A possible explanation for the null effect
on antecedent response times could be attributed to the distance between the antecedent
and the anaphor. The antecedent was in the immediately preceding sentence. The
antecedent in this case may have been in working memory at the time of the probe in both
the antecedent condition and the control condition, resulting in a floor effect.
B. Distractors
Using naming time and categorical noun anaphors, O Brien et al. (1990) found
that responses to the distractor were facilitated when the distractor; (1) appeared between
the anaphor and the antecedent, in the near position;, and (2) was elaborated by being
referred to in several sentences. However, there was no effect when the distractor was
not elaborated, or was in the far position. Combined, this pattern of results
suggest that
when the distractor is highly accessible, it is identified during the anaphor
resolution
process. Analogously, we may then expect facilitation when the
distractor is near and a
typical member of the category; such facilitation was not found by
Mason (1997).
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However, in the Mason (1997) materials, distance of the candidate antecedents, and the
nature of the anaphor are all quite different from the materials used by O’Brien et al.
Even though Mason (1997) found that the presence of a distractor slowed the
anaphor resolution process, there was no evidence that the distractor was activated to a
level that could be measured by response time differences to probes in subsequent
experiments (Mason & Myers, under review). In Mason’s Experiment 2, participants
made recognition responses to a probe word that was either the antecedent or distractor.
This probe was presented after reading the anaphoric noun phrase or after a neutral phrase
that did not include an anaphoric reference. Responses to the antecedent were facilitated
with respect to a no-anaphor baseline condition, confirming that the actual referent was
retrieved. There was no significant difference in response times to the distractor probe
word following the anaphoric reference and the no-anaphor condition.
Because Mason’s probe experiment (Experiment 2) was self-paced, it is possible
that the distractor was accessed and discarded before the probe word appeared. In order
to assess whether the distractor was accessed, subsequent experiments employed an
experimenter-paced procedure, and probes immediately followed the anaphoric reference.
If the distractor was accessed there should have been a difference in response times
between the anaphoric reference and baseline conditions. This effect could either have
been facilitative, if the word was active, or it could have been inhibitory, if the distractor
was suppressed. In three experiments, using either naming or recognition responses.
Mason & Myers (under review) found facilitative effects for the antecedent relative to a
baseline that controlled for semantic priming. Nevertheless, there were no significant
17
differences, either facilitative or inhibitory, between the distractor and the semantic
baseline.
Recall that Gernsbacher found a facilitation effect for antecedent probe words in
repeated name anaphors and no effect for antecedents following pronominal anaphors. A
different pattern emerged for the nonantecedent; for the repeated name version, inhibition
was found immediately following the anaphor but was not observed until the end of the
sentence in the pronoun version. Gernsbacher concluded that less explicit anaphors
require more time for the inhibition mechanism to result in lower activation levels for the
nonantecedent. MacDonald and MacWhinney (1990) have also found that pronominal
reference inhibits non-referents. Using a cross-modal priming procedure, they found
slower recognition response times following a pronominal reference when compared to a
probe presented in a control sentence which did not contain a pronoun. Like
Gernsbacher, MacDonald and MacWhinney found that inhibition required time; they only
obtained an inhibition effect when the probe was delayed by at least 250ms. Lucas et al.
(1990) also found inhibition of non-referents in a lexical decision task.
In general, the nodes representing the distractor words accumulate activation
following an anaphoric reference. This additional activation should result in the
distractor concept being more accessible leading to faster and more accurate probe
responses than when there is no anaphoric reference. However, responses to distractor
probes have often been shown to be slower following an anaphoric reference. There are
two possible explanations of this inhibition effect that are consistent with our general
framework. First, when the probe word immediately follows the anaphor, the inhibition
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effect may be simply due to a “boggle” created by a mismatch between the antecedent and
the probe word. Second, responses to distractor probe words can be expected to be
inhibited whenever the distractor was active following the identification stage and the
probe appears at a sufficient delay so as to allow verification and integration to be
complete (e.g., self-paced reading, 500 ms. delay, etc.). Under these conditions,
verification of the antecedent should result in labeling the distractor as inappropriate, this
will result in a mismatch between the response required by the probe word (“yes”) and the
labeling of the distractor (“no”). This explanation is consistent with the inhibition results
described previously (Gernsbacher, 1989; Lucas, et al., 1990; MacDonald &
MacWhinney, 1990).
In Experiment 2, recognition probe response times and error rates will be
examined in a situation in which a distractor may be more salient than an antecedent.
When a distractor is near and high-typical and an antecedent is far and low-typical, the
distractor may be more available to the reader. However, even though responses to
distractors may be faster, responses to an antecedent probe word should still show a
facilitation effect; that is, responses to the antecedent probe should be faster and more
accurate following an anaphoric reference than in a nonanaphoric reference baseline
condition. Therefore, availability of distractors and antecedents will be looked at under
these conditions in Experiment 2.
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CHAPTER IV
DELAYED PROBE/RECALL RESULTS
A consequence of anaphor resolution is that a candidate antecedent is re-activated.
What then happens to the episodic representation of the re-activated item? Klin (1995)
and O’Brien (1987) presented evidence to suggest that reactivation and subsequent
integration of information makes that information more available to the reader during free
recall or in response to delayed probes. Such a prediction would be made on the basis of
several models of text comprehension (Kintsch & van Dijk, 1978; Kintsch & Welsch,
1991; Langston & Trabasso, 1997) and of memory models such as ACT* (Anderson,
1983), and SAM (Raaijmakers & Shiffrin, 1983). In these models, items that are
reactivated have a stronger memory trace. For example, Kintsch and van Dijk (1978)
hypothesized that recall of any individual proposition is a function of the number of
cycles in which that proposition remains in the working memory buffer. Analogously, in
SAM the trace strength of an item increases each time it is retrieved. Kintsch and Welsch
(1991) proposed that the long-term memory strength of an item is a function of its final
activation value, which in turn is a function of how strongly each item is connected in the
text. Under all of these models, an antecedent which has been reactivated will have a
stronger memory trace.
Klin (1997) examined an array of measures which reflected the immediate
activation level after a causal inference, the integration of that inference into the text
representation, and the later availability of textual information as a function of whether
the inference was drawn. Klin first demonstrated that causal inferences were drawn by
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showing a facilitation effect in naming time to a probe word associated with the possible
causal inference. By examining reading times on a sentence which contradicted the
possible inference, she then demonstrated that the inference was maintained in working
memory. Finally, Klin presented readers with a free recall task after the passage had been
read to determine if the causal link was encoded into the long-term memory
representation of the text. Her results indicted that the causal link was included in the
long-term memory text representation. Although Klin’s work was with causal inferences,
it suggests a similar benefit for the information contacted in drawing anaphoric
inferences.
In an investigation of anaphoric inferences, O’Brien (1987) found consequences
of anaphoric reference on the long-term memory representation of the text. He found
slower responses to true verification statements about a distractor concept which occurred
between the anaphor and the antecedent. He explained this inhibition effect by proposing
that readers activated and considered the distractor in a backward parallel search for the
antecedent. In deciding that the distractor was not the actual antecedent, readers would
have to inhibit the distractor. When later asked to verify a statement about the distractor,
the reader was slower as a result of the inhibited concept.
O’Brien, Albrecht, Hakala, and Rizzella (1995) investigated the effects of an
anaphoric inference upon the long-term memory trace of candidate antecedents. Using
passages in which both the antecedent and distractor were backgrounded at the point of
the anaphoric reference, O’Brien et al. manipulated the amount of elaboration of the
antecedents^ either the antecedent or the distractor was elaborated, but not both. Readers
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were required to verify true statements about the antecedent and distractor following the
text. Readers were slower to verify statements about the distractor only when it was (1) a
member of the anaphoric category, (2) between the anaphor and the antecedent, and, (3)
elaborated. These are exactly the conditions under which a distractor is most likely to be
accessed. Because responses were inhibited when a distractor was highly salient due to
(1) its relative distance to the anaphor and (2) its multiple occurrences in the text (i.e., it
was elaborated), we might expect inhibition of responses when the distractor is made
highly salient by increasing its typicality, as will be done in Experiment 3.
Long-term memory probes not only provide information about the effect of
anaphor resolution on the discourse representation; they may also indicate increased
activation levels when immediate probes have failed to do so. For example, delayed
probes have detected effects that were not detected by immediate probes; Birch, Albrecht
and Myers ( 1 997) found that even when an increase in activation due to manipulation of
syntax was not detected on an immediate probe, a delayed probe showed a significant
effect. The immediate probe may not have produced an effect due to a floor on response
times.
The consequence of an anaphoric reference on the long-term memory strength of
the antecedent, the distractor, and other words from the passage was investigated in
Experiment 3. The reader responded to recognition probe words after a delay. They read
passages which contained an anaphoric reference that refers to a low-typical antecedent
which appeared prior to a high-typical distractor, or matched passages which did not
contain an anaphoric reference.
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CHAPTER V
EXPERIMENT 1
A. Introduction
The experiments in Corbett (1984) were a first attempt to investigate the time
course of anaphor resolution under conditions in which the relative typicality of
antecedents and distractors was varied. There are many aspects of Corbett’s experiment
which can now be more throughly examined. To begin with, Corbett used a button press
procedure to measure reading time. Secondly, Corbett only used 8 passages; as a result a
complete analysis of his design would only leave 2 passages per condition.
Consequently, Corbett collapsed across relative position of antecedent and distractor.
Furthermore, when the antecedent was high-typical, the distractor was low-typical;
likewise, when the antecedent was low-typical, the antecedent was high-typical. Thus, he
never had conditions in which the antecedent and distractor had the same level of strength
of association to the categorical anaphor. Several of these shortcomings were remedied
in the current experiment. First, eye movements were recorded as a measure of reading
time. Second, additional passages were used to increase power so that the full design
could be analyzed. Most importantly, the typicality of the antecedent and distractor was
manipulated to include conditions in which they have the same strength of association to
the categorical anaphor. In summary, the purpose of Experiment I was to
determine
what affect varying the strength of association between candidate antecedents
and
categorical anaphor has upon the distractor effect.
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The amount of time the eyes spent on the anaphoric noun phrase and on the
subsequent post-target region, together with possible regressions to these regions was
viewed as a measure of processing duration. In Experiment 1
,
the anaphoric phrase
always referred to the candidate further from the anaphor; this antecedent was either a
highly typical member of the anaphoric category, or an atypical member of the anaphoric
category. The distractor was always closer to the anaphoric reference than the antecedent;
there were three distractor conditions: when present, the distractor was either a highly
typical member of the anaphoric category, or it was an atypical member of the anaphoric
category, or the distractor was not present. This resulted in six conditions: (1) low-typical
antecedent, high-typical distractor; (2) low-typical antecedent, low-typical distractor; (3)
low-typical antecedent, no distractor; (4) high-typical antecedent, high-typical distractor;
(5) high-typical antecedent, low-typical distractor; and (6) high-typical antecedent, no
distractor.
B. The Role of Typicality
Just as distance between the anaphoric reference and the candidate antecedents,
and presence of a distractor, have been shown to influence processing, we have evidence
to believe that the typicality of antecedents and distractors will affect the anaphor
resolution process. Duffy and Rayner (1990) found that when antecedents were low-
typical exemplars of their categories they were accompanied by longer processing times
in a post-target region than when the antecedents were high-typical exemplars. They
concluded that the integration stage of the anaphor resolution process was affected by the
typicality of the antecedent. Their experiments, however, did not include a distractor.
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Furthermore, Corbett (1984) found that when a distractor was high-typical and an
antecedent was low-typical, reading times for a five-word anaphoric string were longer
than when there was no distractor present. To this point, we still have no clear picture of
how the relative typicality of antecedents and distractors affect the time course of the
anaphoric resolution process. By manipulating the typicality of both the antecedent and
distractor and looking at eye tracking data, we should be able to determine this.
Although the relative typicality of antecedents and distractors is expected to affect
the processing time in the anaphor region, the reasons for believing so differ for each of
the two models presented in Chapter 1 . In a limited capacity framework, these processing
time differences occur because the time for the antecedent to accrue activation in the
search stage is affected. Under the exhaustive search model, it is not the time for the
antecedent to become active that is affected, but rather the selection stage is affected by
changes in the relative level of activation with respect to the distractor.
Previous research (Duffy & Rayner, 1990; Mason 1997) indicates that the amount
of time the reader spends processing the anaphoric noun reflects the identification and
selection stages of anaphor resolution. Mason (1997) found that readers spent longer on
the anaphoric noun when the antecedent was far or if there was a distractor present.
Although we expected that processing time would increase whenever there was a
distractor present, other factors such as relative distance between the anaphor and
candidate antecedents along with relative typicality of the antecedent and distractor may
have interacted with the distractor effect. For example, we might have expected that a
high-typical distractor increases processing time in the identification and selection stage.
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but that a low typical distractor would not. It is also possible that when a high typical
distractor appeared in a passage containing a low-typical antecedent, the distractor effect
may have been more pronounced and extended into the post-target region. The pattern of
first pass times on the anaphoric noun and the post-target region will help to determine
the exact nature of the interaction of the various factors.
Duffy and Rayner (1990) found that the time readers spent processing the words
following the anaphoric noun increased as the typicality of the antecedent decreased.
They hypothesized that the time spent in the post-target region was indicative of the time
spent verifying that the identified antecedent was functionally appropriate for the
anaphoric reference. On the basis of Duffy and Rayner’ s finding, we can expect longer
first pass times in the post-target region when the antecedent is low-typical; it should take
longer to verify a low-typical antecedent.
C. Method
1. Participants
Forty-one members of the University of Massachusetts community were paid or
received experimental credit towards psychology classes for participation in the study.
Nine of these participants were excused from the experiment after it was determined that
their eye movements could not successfully be tracked. This resulted in a complete set of
data from 32 participants.
2. Apparatus
Eye movements were recorded by a Stanford Research Institute Dual Purkinje
Eyetracker which has a resolution of 10' of arc. The eyetracker was interfaced with a 486
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computer which ran the experiment. Viewing was binocular, with eye location recorded
from the right eye. The position of the participant's eye was sampled every millisecond by
the computer and averaged over four consecutive samples. The averaged horizontal and
vertical positions of the eye were compared with those of the previous sample to
determine whether the eye was fixated or was moving.
Passages were presented on a NEC Multisic 4FG monitor, which allowed up to 80
character spaces per line. During the experiment, the participant was seated 62 cm. from
the monitor, where four characters equal 1 degree of visual angle. The characters were
presented in lower case except when upper case was called for (at the beginning of
sentences and proper names). Luminance on the monitor was adjusted to a comfortable
brightness level for the participant then held constant. The room was dark except for an
indirect light source that enabled the experimenter to keep notes during the experiment.
3. Materials
The thirty-six passages were taken from Mason (1997). Only those passages in
which the antecedent appeared in the far condition was used. These passages were
altered so that the typicality of the antecedent and the nature of the distractor was
manipulated. Each paragraph is approximately eight to nine lines long, with
approximately 70 characters per line. The target noun always appeared in the center of a
line with the post-target region occupying the remainder of that line.
24 of the 36 category nouns were taken from the Battig and Montague (1969)
norms. The other category nouns were taken from a norming experiment done by Myers,
O’Brien, Mason, Cook and Kambe (ms. in preparation). For each category name, four
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category nouns were chosen, two that were high in typicality and two that were low. The
high-typical members taken from the Battig and Montague norms had a frequency of
mention of at least 100. The low-typical category members had a frequency of mention
no greater than 60.
Each participant read 36 experimental paragraphs, six in each of the six conditions
created by varying the typicality of the antecedent (high, low) and the typicality/presence
of the distractor (high, low, none). For each participant the experimental texts were
randomly assigned with two constraints; each participant saw six passages in each
condition, and across participants, each passage occurred in each condition an equal
number of times. The order of passages remained the same for all participants. All
passages were followed by a comprehension question. The antecedent always appeared on
line four, and the distractor, if present, appeared on line six. The target noun and the
post-target region appeared on line seven. The target noun phrase (the determiner "the,"
an adjective and the category name) always appeared in the center of the seventh line. The
post-target region consisted of those words in line seven that followed the target noun
phrase. This region never included the end of a sentence. An example paragraph is
presented in Table 1.
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Table 1. Sample Passage.
Low antecedent - High distractor
Steve was going down the produce section of the grocery store. He wanted to get the
perfect vegetable to go along with the ham dinner he was preparing for the family tonight.
The fresh squash were on sale but there were few left. As Steve selected the ham, he
heard the butcher mention the frozen corn that was on display. Steve went to pick the
fresh vegetable from off the shelf in the produce section. He was ready to head home.
Low antecedent - Low distractor
Steve was going down the produce section of the grocery store. He wanted to get the
perfect vegetable to go along with the ham dinner he was preparing for the family tonight.
The fresh squash were on sale but there were few left. As Steve selected the ham, he
heard the butcher mention the frozen beets that was on display. Steve went to pick the
fresh vegetable from off the shelf in the produce section. He was ready to head home.
Low antecedent - No distractor
Steve was going down the produce section of the grocery store. He wanted to get the
perfect vegetable to go along with the ham dinner he was preparing for the family tonight.
The fresh squash were on sale but there were few left. As Steve selected the ham, he
heard the butcher mention the snow storm that was coming. Steve went to pick the fresh
vegetable from off the shelf in the produce section. He was ready to head home.
High antecedent - High distractor
Steve was going down the produce section of the grocery store. He wanted to get the
perfect vegetable to go along with the ham dinner he was preparing for the family tonight.
The fresh beans were on sale but there were few left. As Steve selected the ham, he
heard the butcher mention the frozen corn that was on display. Steve went to pick the
fresh vegetable from off the shelf in the produce section. He was ready to head home.
High antecedent - Low distractor
Steve was going down the produce section of the grocery store. He wanted to get the
perfect vegetable to go along with the ham dinner he was preparing for the family tonight.
The fresh beans were on sale but there were few left. As Steve selected the ham, he
heard the butcher mention the frozen beets that was on display. Steve went to pick
the
fresh vegetable from off the shelf in the produce section. He was ready to head
home.
High antecedent - No distractor
Steve was going down the produce section of the grocery store. He wanted to get
the
perfect vegetable to go along with the ham dinner he was preparing for the family
tonight.
The fresh beans were on sale but there were few left. As Steve selected
the ham, he
heard the butcher mention the snow storm that was coming.
Steve went to pick the tell
vegetable from off the shelf in the produce section. He was ready
to head home.
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4. Procedure
When a participant arrived for the experiment, a bite bar was prepared to
eliminate head movements, and the eye-tracker was calibrated. The initial calibration
procedure took approximately 5 min. Prior to reading each passage, calibration of the eye
tracking system was checked to ensure that accurate records would be obtained. Each
participant read 3 practice passages followed by the set of 36 experimental passages.
Participants were told that they would be reading a series of paragraphs displayed on a
CRT screen. They were told to read for comprehension so that they would be able to
answer an occasional comprehension question.
At the beginning of each trial five boxes appeared on the screen, and the
participant was instructed to look at the left-most box when the experimenter said
"ready." Once the experimenter had determined that the participant was fixating the box,
the entire passage was presented on the screen to begin the trial. When the participant had
finished reading the passage, he or she was instructed to press a button that would end the
trial. Participants were asked comprehension questions after the passages, to which they
responded by pressing either a "yes" button or a "no" button. No individual items were
excluded from analysis on the basis of answers to comprehension questions.
D. Results
Processing time was measured for three regions: the determiner “the” plus the
adjective, the categorical noun anaphor, and the three or four words that followed the
anaphoric reference. The first region will be referred to as the disambiguating region, the
second as the target region, and the third as the post-target region. The post-target region
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did not include the end of a sentence nor did it extend past the end of a line onto the next
line. The measures that are reported for these regions are first pass time, total time, and
regressions into a region. First pass time is the sum of all fixations in a region before the
eyes first leave that region. If a fixation did not occur in the target region, the region was
extended to the left one space at a time up to three spaces, until a fixation was found. If
there was no fixation on the target word, but a fixation was found by extending the
boundary just to the left of a target word, then that fixation was included as a fixation for
the region, based on results which indicate that the words are processed parafoveally from
such a distance (Rayner & Pollatsek, 1989). First pass time does not include any
regressions to the specified region from any other part of the text. Total time consists of
the first pass time for a specific region plus any time the eyes spend in that region after a
regression from any other part of the text. Regressions are the number of times the eyes
return to a region after first going past it; the probability of making a regression is
reported.
For each measure in the three regions, a 2 (antecedent high v. low-typical) x 3
(distractor high-typical, distractor low-typical or distractor not present) analysis of
variance (ANOVA) was performed, with tests against both subject (Fi) and item (F2)
variability. In all analyses reported, an alpha level of .05 was used. Outliers were
eliminated using Tukey’s (1977) hinge criterion. In most measures, this eliminated
less
than 3.2% of the data; for the total time measure less than 5% of the data was eliminated.
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1. Disambiguating Region
The means for first pass time, total time and probability of a regression are
presented in Table 2.
There were no significant differences in the first pass times (all p’s>.25) or total
times (all F’s<l) on the disambiguating region. Initial processing times were the same
regardless of differences in the typicality of the antecedent, distractor or the presence of
the distractor. However, an analysis of the probability of regressing into the
disambiguating region indicated that readers were more likely to return to the
disambiguating region when the antecedent was a low-typical member of the category;
this effect was significant when tested against subject variability; Fi(l,31)=4.771,
MSE=0.008. It is clear that this effect was primarily due to an increase in regressions
only when a low-typical antecedent was combined with the presence of a distractor. This
can be seen by contrasting the regression probability when an antecedent is low-typical
and a distractor was present ( 17.7-1-14.6) to the regression probability when an antecedent
was high-typical and a distractor was present (1 1.5-1-12.0); Fi(l,31)=9.346, MSE=0.154,
F2(1,35)=2.325, MSE=0.105, p=.136. Additional support can be shown by
contrasting
the percentage of regressions into the region when the antecedent was low-typical
and a
distractor was present (17.7-^14.6) to when the antecedent was low-typical
and no
distractor was present (9.8); an effect which was significant by both
subjects and items;
F,( 1 ,3 1 )=4.50 1 , MSE=0. 1 1 1 , F2( 1 ,35)=4.665, MSE=0.
1 17.
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Table 2. Mean Processing Times and Percentage of Regressions (in) for the
Disambiguating Region as a Function of Typicality of the Antecedent and Nature of the
Distractor in Experiment 1
.
Condition
^
First Pass Total Time
Antecedent-
Low
Antecedent-
High
Antecedent-
Low
Antecedent-
High
Distractor- 308 310 380 376
High
Distractor- 311 297 366 365
Low
No 314 300 378 362
Distractor
Regressions in
Condition
Antecedent-
Low
Antecedent-
High
Distractor-
High
17.7 11.5
Distractor-
Low
14.6 12.0
No
Distractor
9.9 10.4
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2. Target Region
Table 3 presents the eye movement record for the target region. Though there are
no significant main effects in first pass times ^ (p’s>.20), there are several contrasts
which, though they do not quite reach significance, are indicative of a trend in the data.
When the antecedent was low-typical, first pass times were shorter when a distractor was
present (261+257) than when there was no distractor present (268). This pattern was
reversed for high-typical antecedents; first pass times were longer when there was a
distractor present (271+264) than when there was no distractor present(261). This
interaction approached significance in both the subjects; F,(l,31)=2.386,
MSE=13,439.846, p=.13, and items analysis; F2(l,35)=2.800, MSE=13,651.221, p=.10.
It may seem counterintuitive that the presence of a distractor resulted in shorter first pass
times when the antecedent was low-typical and further from the anaphoric reference;
however the short first pass times may have been due to quickly accessing and selecting
the nearer candidate (i.e. the distractor). The fact that the readers’ eyes moved backwards
in the text more often when the antecedent was low-typical and a distractor was present
further supports this explanation. When an antecedent was low-typical, there was a higher
percentage of regressions out of the target region when a distractor was present
(12.0+8.13) than when one was not present (6.8). This contrast was significant by
subjects; F,(l,31)=4.121, MSE=0.036, but did not reach significance in an items analysis;
F2(1,35)=2.121, MSE=0.082, p=.15. These conditions in which there was an increase in
regressions out of the target region are the same conditions in which there was an increase
in regressions into the disambiguating region, as reported earlier.
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Although there was some indication that readers spend more total time in the
target region for high-typical antecedents; F,(l,31)=8.789, MSE=1,582.128, this effect
did not even approach significance by items (F’s<l). This total time effect is a result of
the greater number of regressions into the target region when the antecedent was high
typical than when it was low typical; F,(l,31)=5.576, MSE=0.01, F2(l,35)=4.419,
MSE=0.013.
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Table 3. Mean Processing Times and Percentage of Regressions (in, out) for the Target
Region as a Function of Typicality of the Antecedent and Nature of the Distractor in
Experiment 1.
First Pass Total Time
Condition
Antecedent-
Low
Antecedent-
High
Antecedent-
Low
Antecedent-
High
Distractor-
High
261 271 277 307
Distractor-
Low
257 264 272 285
No
Distractor
268 261 277 285
Regressions in Regressions out
Condition
Antecedent-
Low
Antecedent-
High
Antecedent-
Low
Antecedent-
High
Distractor-
High
7.8 10.9 12.0 7.8
Distractor-
Low
9.4 12.5 8.3 5.7
No
Distractor
8.3 12.5 6.8 7.3
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3. Post-Target Region
Readers spent more time in the post-target region when antecedents were low-
typical than when they were high typical; this antecedent typicality effect for first pass
times was significant by subjects; F,(l,31)=7.129, MSE=7,706.968, and approached
significance by items; F2(l,35)=2.642, MSE=1 0,568.792, p=.l 1. Readers made more
regressions out of the post-target region when the antecedent was high-typical than when
it was low-typical; F,(l,31)=4.044, MSE=0.021, F2(l,35)=7.198, MSE=0.013.
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Table 4. Mean Processing Times and Percentage of Regressions (out) for the Post-Target
Region as a Function of Typicality of the Antecedent and Nature of the Distractor in
Experiment 1.
First Pass Total Time
Condition
Antecedent-
Low
Antecedent-
High
Antecedent-
Low
Antecedent-
High
Distractor-
High
518 491 589 575
Distractor-
Low
514 472 577 569
No
Distractor
508 475 568 560
Regressions out
Condition
Antecedent-
Low
Antecedent-
High
Distractor-
High
12.5 17.7
Distractor-
Low
15.6 20.8
No
Distractor
15.1 17.2
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4. Combined Target and Post-Taruet Retiions
The first pass times for the target and post-target regions were reanalyzed to
examine the nature of the antecedent typicality effect separately when a distractor was
present and when it was not. When a distractor was present, treating region as an
additional within subjects variable results in a 2x2x2 ANOVA (2 regions X 2 levels of
antecedent typicality X 2 levels of distractor typicality). When no distractor was present,
the corresponding ANOVA was 2x2 (2 regions X 2 levels of antecedent typicality).
Because the post-target region was longer than the target region, first pass times were
longer in the post-target region than in the target region. This result was significant in
both analyses; F,(l,31)=162.151, MSE=21,862.265, F2(l,35)=103.285,
MSE=35,905.456, in the distractor present analysis; F,(l,31)=168.354, MSE=9,803.851,
F2(1,35)=86.573, MSE= 18,029.092, in the distractor absent analysis.
Of particular interest is the pattern of first pass times across regions when a
distractor was present. In this instance, readers took less time in the target region for low-
typical antecedents than for high-typical antecedents; in the post-target region this was
reversed; shorter first pass times were observed for high-typical antecedents. This
interaction was significant; F,(l,31)=6.936, MSE= 34,443.217, F2(l,35)=4.144, MSE=
41 ,930.371 . When a distractor was absent, this analysis did not approach significance
(p>.25). It may seem counterintuitive that when a distractor was present, first pass times
in the target region were shorter for low-typical antecedents than high-typical antecedents.
However, the effect in the target region makes sense if we consider that the distractor was
mistakenly taken as the antecedent when the antecedent was low-typical resulting in
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faster times than when the antecedent was high-typical. In contrast, the slower times for
the high-typical antecedent conditions were because both the antecedent and distractor
were available. In the post-target region, the longer first pass times occurred for the low-
typical antecedents; this was because of the need to recognize that the wrong candidate
was selected as the antecedent. The shorter first pass times in the post-target region for
high-typical antecedents were because most often the correct antecedent was selected.
These ideas will be expanded in the discussion section.
E. Discussion
Experiment 1 extends our understanding of the time course of anaphor resolution
by revealing several effects upon different stages of the resolution process. From Duffy
and Rayner (1990) and Mason (1997) we concluded that anaphor resolution is a three
stage process. The first two stages, identification and selection, are reflected in the time
the reader processes the anaphoric noun. The third stage, verification, is reflected in time
spent processing the post-target region. Duffy and Rayner, and Mason, have shown that
the time to identify and select an antecedent is a function of the distance between the
anaphor and the antecedent; more time is needed to process far antecedents as opposed to
near antecedents. Moreover, Mason has shown that the presence of distractors also
increases the amount of processing in the identification/selection stages. The current
results indicate that increased processing due to the presence of distractors will be
dependent upon the relative availability of the candidate antecedents (whether they are
antecedents or distractors).
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We expected that a distractor effect would be more pronounced when an
antecedent was low-typical and would cause a greater slowdown in the target region than
when the antecedent was high-typical; however, the opposite occurred. By returning to
Equations 1 and 2 from Chapter 1 and adding a variable to the equations to represent the
change in activation strength due to decay, we can see how this might have occurred. We
will examine four of the six conditions, the anaphor in the example will bQfresh
vegetable (see Table 1). For all equations A| = activation at node /, = strength of a
high-typical antecedent, = strength of a low-typical antecedent, = strength of a high-
typical distractor, = strength of a low-typical distractor, K = strength of semantic
associates, and A = decay of activation for far candidates.^
1. Low Antecedent (fresh squash) + High Distractor {frozen corn)
The activation for “squash” and “corn” can be expressed by the following
equations:
(2a) A = f
squash
( )\S, + Sd + K/
(2b) A„,„ = f
1
So \
s, + Sd + k1
where because “corn” is a more typical vegetable than “squash.” In this case
activation is likely to accrue on the node representing the distractor (com) faster than the
antecedent (squash) because “corn” is both more typical and nearer to the anaphor than
“squash.” On the basis of the relatively fast processing of the target region in this
condition and the increased number of regressions out of the target region and into the
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disambiguating region, it is reasonable to conclude that the distractor was identified.
First pass times were longer tor low-typical antecedents than high-typical antecedents in
the post-target region. This is a result of the need to retrieve the actual antecedent and
then verify that a low-typical exemplar (squash) is a member of the anaphoric category
(vegetable).
2. High Antecedent (fresh beans) + High Distractor (frozen corn)
In this condition, the activation for “beans” and “corn” can be expressed as;
(2c) Abeans ~ f Sa " A
(Sa + Sd + K)
(2d) Acom = f Sd
( Sa + Sd + K )
When both the antecedent and distractor are high-typical, Sa is approximately equal to
Sd- Because this strength of association to the categorical anaphor is equal for both
exemplars, the difference in activation is not as great as the previous condition.
Therefore, activation is likely to accrue on both candidate antecedents in spite of the fact
that the antecedent is further from the anaphor in the text than the distractor. The high-
typical antecedent which matches the adjective descriptor of the anaphor and the near
high-typical distractor may both be identified. When both the antecedent and distractor
were identified, it is necessary to select between the two. As a result,
unlike the previous
condition in which the antecedent was atypical, in this condition,
where both the
antecedent and distractor are typical, we found evidence of
additional processing on the
target region but less time in the post-target region.
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3. Low Antecedent (fresh squash) + No Distractor
When there is no distractor present and the antecedent is far and low typical, the
activation for the antecedent can be written as:
First pass times on the anaphoric noun (vegetable) are a function of the time to identify
and select a far, low-typical antecedent. The time for this to occur is more similar to the
distractor-present conditions for high-typical antecedents, than to the distractor-present
conditions for low-typical antecedents, as was seen in the significant interaction in first
pass times on the target noun. Here, the additional processing was a result of having to
identify a relatively unavailable antecedent. Additionally, first pass times were longer in
the post-target region than in cases in which the antecedent was high-typical. Again, this
is a consequence of the need to verify that an atypical exemplar is a member of the
anaphoric category.
4. High Antecedent {fresh beans) + No Distractor
Finally, we can examine a case in which the antecedent is far, high-typical and no
distractor is present.
The absence of a distractor and the strength of association between the antecedent and the
categorical anaphor contribute to the rapid identification of the antecedent in this
example. First pass times on the target noun were similar to the distractor-present
cases
(la)
(lb)
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when the antecedent was far and low typical; in both conditions only one candidate
antecedent was likely to be active.
Although the results have been discussed in terms of the limited capacity model,
they are also consistent with the exhaustive search model. Whereas in the limited
capacity model it was the identification stage which was affected by the time required for
activation to accumulate on a candidate antecedent, in the exhaustive search model it is
the selection stage. Now, it is the time and order of selection of identified candidates
which is influenced by relative levels of activation.
The following overall picture of the anaphor resolution process emerges. For
simplicity the process will be expressed in terms used for the limited capacity search
model, though as mentioned, the results are also consistent with the exhaustive search
model. Upon reading the anaphoric noun, activation spreads to candidate antecedents.
When any candidate antecedent accrues enough activation, it is selected and that
candidate’s adjectival descriptor is matched to the anaphor’s adjectival descriptor. At this
point there are two possibilities. Most often, the eyes then move to the next word in the
sentence.'* However, on some occasions instead of the eyes moving forward from the
anaphoric noun they will regress to the disambiguating adjective. When this occurs, most
likely it is because the distractor was selected, and the resulting mismatch between the
distractor’s adjective and the anaphor’s adjective was noticed before the eyes moved
forward. This is reflected in the increase in regressions out of the target region and into
the disambiguating region for the condition in which the antecedent was low-typical and
the distractor was high-typical.
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When the eyes have moved forward into the post-target region, the verification
stage is entered. In this stage, the processing duration is dependent upon the strength of
association between the antecedent and the anaphoric category. As in Duffy and Rayner
(1990), typicality of the antecedent affected the time spent processing the post-target
region. Readers had longer first pass reading times in the post-target region when the
antecedent was low-typical. This is consistent with the conclusion that it will take longer
to verily that a low-typical exemplar is a member of a category than it does to verily that
a high-typical member is. However, it should be kept in mind that although first pass
times for high-typical antecedents were shorter in the post-target region than low-typical,
there were more regressions out of the post-target region in the high typical antecedent
conditions.
There are two possible reasons why there was an increase in regressions out of the
post-target region and into the target region for the high-typical antecedent conditions.
The first possibility is that the reader noticed the presence of a distractor and regressed to
the disambiguating region to reprocess the adjective. However, a closer look at the
regressions probabilities indicate that the percentage of regressions out of the post target
region were approximately equal for the distractor present versus the distractor absent
conditions. Furthermore, the percentage of regressions into the target region were even
larger when a distractor was not present. This pattern for the regression data makes it
unlikely that the additional processing for the high-typical antecedent was due to the
presence of a distractor.
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A second possibility for the additional processing for the high-typical distractor
conditions is that the additional processing can be attributed to integration of the
antecedent. It is possible that in the low-typical antecedent conditions, the antecedent
was never retrieved and therefore an integration stage was not necessary. The lack of
integrative processing of the antecedent accounts for the lower percentage of regressions
out of the post-target region with a low-typical antecedent. This would imply that in a
probe response task, we should see no facilitation of a low-typical antecedent following
an anaphoric reference.
In summary, the pattern of eye movements in Experiment 1 advemces our
understanding ofhow various factors affect the stages of the anaphor resolution process.
Distance between antecedents and the anaphoric noun, strength of association between
the antecedents and the categorical anaphor, along with the presence of distractors all
affect processing in the first two stages in the anaphor resolution process. These variables
have an immediate influence by affecting processing times on the anaphoric noun.
Perhaps, the most striking result was that first pass times were relatively short on the
target region when antecedents were atypical and a distractor was present. These short
first pass times were accompanied by an increase in the percentage of regressions out of
the target region and an increase in the percentage of regressions into the disambiguating
region. This suggests that when an atypical exemplar appeared several sentences before
the anaphor reference, it was not salient enough to be initially selected even though it was
the antecedent. This hypothesis implies that near, high-typical distractors were more
available than atypical antecedents that are further back in the text even after an anaphoric
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reference to the far, atypical antecedent. This difference in relative availability of the
distractor over the antecedent can be tested in a probe experiment.
Experiment 2 was designed to learn more about the activation levels of
antecedents and distractors following an anaphoric reference in a condition in which the
distractor is more salient than the antecedent. We expected that when the distractor was
near and high typical it should be more available than the antecedent as indicated by
faster responses to single-word recognition probes. Additionally, it was possible that
responses to a salient distractor would be faster following an anaphoric reference than
following a non-anaphoric control version of the same passage.
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CHAPTER VI
EXPERIMENT 2
A. Introduction
According to either of the search models presented in Chapter 1
,
we should be
able to establish conditions in which the distractor is salient enough to result in
facilitation of recognition responses following an anaphoric reference. However, the only
evidence that a distractor acquires activation during anaphor resolution comes from two
different sources; first, O’Brien et al. (1990) presented evidence that a highly elaborated
distractor was more available to verification probes after an anaphoric reference than
following a nonanaphoric baseline; and second. Mason (1997) found an increase in first
pass times on an anaphoric noun when a distractor was present, presumably because
activation was drawn off by the distractor. The fact remains that we should be able to
establish conditions in which a distractor is accessible enough to show facilitation. The
results of Experiment 1 suggest that varying the strength of association between an
anaphor and the candidate antecedent affects their accessibility. Thus, if a high-typical
distractor is in a near position (one line back in the text) and the antecedent is low-typical
and further away (three lines back in the text), we might see evidence that the
distractor
has a higher level of activation following an anaphoric reference. In
this case, probe
response times to the distractor may be facilitated after an anaphoric reference
in contrast
to response times after a semantic baseline condition. Henceforth,
facilitation effects and
inhibition effects will be defined as a response time difference
following an anaphoric
reference as compared to a semantic baseline condition.
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The purpose in this experiment was to determine how the accessibility of distant,
low-typical antecedents and near, high typical distractors were affected by an anaphoric
reference. According to the limited activation model, whenever the categorical noun
anaphor is encountered, activation should begin to accumulate upon all lexical entries that
are members of the category. Activation accumulates more rapidly for those exemplars
which have been recently encountered and are part of the episodic representation of the
passage. In particular, activation accumulates upon the antecedent rapidly due to the
match between the adjective descriptor of the antecedent and the categorical anaphor.
Therefore, in most cases we expect the antecedent to be identified before any other
candidate. However, whenever a distractor is highly salient it may be identified as was
suggested by the pattern of eye movements from Experiment 1. Specifically, when the
distractor was a high-typical member of a category and closer to the anaphor than the
atypical antecedent, first pass times on the target noun tended to be shorter than when a
distractor was not present. Furthermore, they were accompanied by an increase in
regressions to the disambiguating region, reflecting a need to reprocess the
disambiguating adjective. It was hypothesized that activation is greater for a near, high-
typical distractor than a far, low-typical antecedent even after an anaphoric reference.
Equations 2a and 2b express this difference in the expected level of activation following
an anaphoric reference.
The time to recognize that a probe word appeared in the passage was used as
a
measure of that word’s activation level in memory. In order to
establish a baseline there
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were two types of passages; one type of passage had an anaphoric reference, whereas the
other type of passage included a non-anaphoric use of the categorical noun. Recall that
the anaphoric reference in the sample passage (Table 1) was “the frozen vegetable.” The
control condition in this experiment contained a non-anaphoric use of the same
categorical noun, for example, “a canned vegetable.” By including the categorical noun
in the control passage we can minimize the possibility that any facilitation effect we
might observe is the result of semantic priming from the categorical anaphor to the probe
word. Depending upon whether it followed an experimental or control passage, the probe
word was immediately preceded by the anaphoric reference or the non-anaphoric use of
the categorical noun. This resulted in a 2x2 design in which the first variable was type of
reference (anaphor vs. semantic baseline) and the second variable was the type of probe
word (antecedent or distractor). For simplicity, the near, high-typical candidate will
always be referred to as the distractor, though to be precise, in the semantic baseline
condition there was no anaphoric reference. In the semantic baseline version, the near,
low-typical candidate is not technically a distractor and, likewise, the far, high-typical
candidate was not an antecedent. Using this terminology, the antecedent was always low-
typical and appeared further from the categorical noun than the distractor which was
always high-typical. Both the antecedent and the distractor were presented as recognition
probes.
A facilitation effect for the antecedent probe words will indicate that the anaphor
has been successfully resolved at the point of the probe. Additionally, a facilitation
effect for the distractor probes will indicate that the distractor had been made more
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accessible by the anaphoric reference. Previous research (Gernsbacher, 1989, Lucas et
al., 1990; MacDonald & MacWhinney, 1990) indicates that responses to distractor probe
words may show an inhibition effect. If inhibition of responses is found for the distractor,
it will suggest that the distractor has already been considered and marked as not being the
correct antecedent.
B. Method
1. Participants
54 members of the University of Massachusetts community received experimental
credit towards psychology classes for participation in the study. The data collected from
1 0 participants were discarded either due to equipment malfunction or due to errors on
more than 20% of the comprehension questions.
2. Materials and Design
The same 36 passages from Experiment 1 were used. They were modified so that
the antecedent was always low-typical and appeared in the far position. In all conditions
the distractor was high-typical and appeared in the near condition. The probe was either
the antecedent or the distractor. There was either an anaphoric reference, or a non-
anaphoric use of the categorical anaphor. This resulted in 36 passages with four
conditions, two types of reference (anaphoric or non-anaphoric) and two types of probe
(antecedent or distractor). All experimental probe words required 'yes' responses.
The passages were presented one word at a time at a rate of 350 ms per word until
the anaphoric reference was read, with additional time provided whenever a word
appeared at the end of a line or sentence. The exact procedure is described below. After
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the anaphoric reference was read, participants were presented with a recognition probe.
The recognition probe for the experimental passages was either the antecedent or the
distractor from the current passage.
In addition, 40 filler passages were used. The filler passages were the same as
those used in Experiment 2 of Mason (1997). Three of the filler passages were used as
practice before the experiment. The remaining filler passages did not contain anaphoric
references and required "no" responses to the probe words. Comprehension questions
were presented after each passage was read.
For each participant the experimental texts were randomly assigned with two
constraints: Each participant saw nine passages in each condition, and across participants,
each passage occurred in each condition an equal number of times. The order of passages
remained the same for all participants.
3. Procedure
Each participant was run individually in a session that lasted approximately
forty-five minutes. All materials were presented on a computer monitor controlled by a
microcomputer. Participants were instructed to place their right thumb on an advance
key, their right index finger on a "yes" key, and their left index finger on a "no" key. Each
passage began with the phrase "press advance key to continue." Participants were
instructed to press the advance key when they were ready to begin a passage. With the
first press of the advance key the first word of the passage was presented at the beginning
of a line on the screen. Each additional word appeared to the right of the previous word
until the line was full. When the line was complete it remained on the screen for an
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additional 300 ms until it was erased and the first word in the next line was presented
where the initial word of the previous line had been located. Whenever a word completed
a sentence, that word appeared with a period and there was an additional 300ms before
the first word of the next sentence was presented. At some point in the passage, instead
of the next word appearing, the current line was erased and "XXXXXX" appeared two
lines above where the current line had been. The "XXXXXX" remained for 250 ms. The
XXXXXX" was immediately erased and replaced with the probe word. The probe word
appeared with three asterisks on each side of the word. Participants were instructed to
respond by pressing the "yes" key if the word had appeared in the passage and pressing
the "no" key if it had not. After responding to the probe word by pressing either the "yes"
key or the "no" key, the last line read returned to the screen. If the probe word was
responded to incorrectly, the word "ERROR" appeared on the screen for 1500 ms before
the last line read returned to the screen. If the recognition response was over 1200 ms
then a "TOO SLOW" message appeared before the last line read returned to the screen.
Participants then continued reading to the end of the passage. At the end of each passage,
the word “QUESTION” appeared. After a button press, a comprehension question about
the current passage appeared. Participants were instructed to answer the questions by
pressing the "yes" or "no" keys. Participants were told that it was important to answer the
questions as accurately as possible. On those trials in which the question was answered
incorrectly, the word "ERROR" was presented for 1500 ms. At the end of each trial, the
“press advance key to continue” message reappeared to signal the participant that a new
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story was going to appear. Each session began with three practice passages to make sure
that participants understood the procedure.
C. Results
The means for recognition times and error rates are reported in Table 5. For both
the recognition time and error rate data, a 2 (antecedent probe or distractor probe) x 2
(anaphoric reference passage or semantic baseline passage) analysis of variance was
performed. For the recognition response time data, outliers were discarded using Tukey’s
( 1977) hinge criterion. This procedure eliminated 7% of the data in the subject analysis
and 3% of the data in the items analysis.
Table 5. Mean Recognition Response Times to Probe Words (in msec) as a Function of
Passage Type and Probe Word Type in Experiment 2. Percentage Errors are in
Parentheses.
Passage Type
Probe Word Anaphoric Nonanaphoric A-NA
Antecedent 872 (12.4) ,891 (14.9) -19
Distractor 851 (9.1) 834 (7.1) 17
1. Recognition Times
Readers responded faster to antecedent probe words in the anaphoric
reference
condition than in the semantic baseline condition; this pattern was
the opposite for
distractor probe words, resulting in a significant interaction
between probe word type and
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passage type; F,(l,43)=6.842, MSB = 2099.274, F2(l,35)=2.447, MSB = 4803.459, p =
.13. An analysis of simple effect contrasts showed that this effect was predominantly due
to the faster recognition of the antecedent in the anaphor than in the nonanaphor
condition; F,(l,43) = 4.655, MSB = 3227.186, F2(l,35)=1.678, MSB = 15642.857, p = 20.
The corresponding simple effect for distractor probe words revealed a trend for responses
to be slower in the anaphor condition than in the nonanaphor condition. This effect was
marginal by subjects; F,(l,43)=2.629, MSB=5,219.579, p=.l 1, but did not approach
significance by items (F<1). Probes of the distractors, which were near and high-typical,
were responded to more quickly overall than probes of the antecedent, which were far and
low-typical. This effect was significant; F,(l,87) = 40.289, MSB = 3345.475,
F2(1,36)=9.353, MSB = 8387.731.
Although the results of the items analysis were not significant for the interaction
of probe word and passage type (p=.13) nor for the facilitation effect for the antecedent
(p=.20), in both cases there is a definite trend consistent with the results obtained in the
subjects analysis. Accordingly, we examined the data for individual items, applying the
Tukey criterion to both the response times and the effect sizes. We found that the means
for passage 1 were consistently slower than all other items means, in fact, the mean
recognition response time for one condition was classified as an outlier according to the
Tukey hinge criterion. The means from passage 20 were also eliminated; this was
because the difference score for the antecedent effect being classified as an outlier
according to the Tukey hinge criterion. Reanalyzing the data with these two items
omitted resulted in a significant interaction of probe word and passage type;
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p2( 1 ,33)=4. 113, MSE = 45 13.853. The facilitation effect for the antecedent was also
significant with the 2 items omitted; F2(l,33)=6.579, MSE = 10328.699.
2. Error Rates
Consistent with the results of the recognition time analysis, responses were more
accurate for the antecedent probe word in the anaphoric version of the passage than in the
nonanaphoric version (12.4-14.9) but less accurate for the distractor in the anaphoric
version than in the nonanaphoric version (9. 1-7.1), this interaction was marginally
significant in both the subject and items analyses p = .057 in both cases, Fi(l,43)= 3.831,
MSE = 0.006; F2(l,35)= 3.864, MSE = 0.005. Neither the simple effect for the
antecedent or the distractor was significant. Consistent with the result that readers
recognized distractors faster than antecedents, readers were also more accurate in
responding to the distractor probe (9.1-t-7.1) word than to the antecedent probe word
(12.4-^14.9), Fi(l,43)=10.873, MSE 0.012; F2(l,35)= 12.399, MSE = 0.009.
D. Discussion
The results of Experiment 2 support the hypothesis that the correct antecedent has
been selected. This can be concluded on the basis of the facilitation effect for the
antecedent. Thus, even though the Experiment 1 results indicated that the distractor was
more available and chosen first, the Experiment 2 results indicate that the correct
antecedent was ultimately accessed.
In Experiment 1, we found evidence that near, high-typical distractors were
mistakenly selected as the antecedent. As expressed in Equations 2a and
2b, the
activation of a concept that has a high strength of association with
the categorical anaphor
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and has not had an opportunity to decay will accrue more activation than a far, atypical
concept. Consistent with Equations 2a and 2b, recognition responses to near, high-typical
distractors were both faster and more accurate than recognition responses to far, low-
typical antecedents. This was true in both reference conditions; however, the anaphoric
reference greatly reduced the advantage afforded the distractor by having been nearer and
high-typical.
On the basis of the eye movement data which indicated that the distractor was
selected, we might have expected a facilitation effect for the distractors. Although we did
find a facilitation effect for the antecedents, we did not find a facilitation effect for the
distractors. In fact, there was a trend for the distractor to show an inhibition effect. An
inhibition effect would be consistent with other anaphoric literature. Several researchers
have found that when the nonantecedent was readily available before an anaphoric
reference (e.g., mentioned in the previous clause or sentence), responses to those
nonantecedent probe words tended to be slower following the anaphoric reference
(Gernsbacher, 1989; Lucas et al., 1990; MacDonald & MacWhinney, 1990). These
researchers have suggested that inhibition effects reflected either: (1) a lowering of
activation on the distractor, causing the distractor to become less available (Gernsbacher,
1989); or (2) a shift in focus from the distractor to the antecedent (MacDonald &
MacWhinney, 1 990). According to a shift-in-focus hypothesis, inhibition occurs because
focusing on the antecedent pushes the distractor out of focus which results in slower
recognition responses. In any event, successful resolution of the anaphor required that the
correct antecedent be selected over the initially selected distractor. The distractor was
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more available than the antecedent both with and without the anaphoric reference, as
indicated by faster responses in the anaphoric and nonanaphoric conditions. However,
the trend towards an inhibition effect for the distractor and a significant facilitation effect
for the antecedent, indicate that although the more available distractor was initially
identified before the antecedent, either focus shifted to the antecedent, or the distractor’
s
activation level was lowered.
Clearer evidence for an inhibition effect for the distractor could be provided by
delayed probes (O’Brien, 1987; O’Brien et al. 1990). In Experiment 3, probe words
appeared at the end of the passage following a delay. Through the use of this procedure,
the consequences of an anaphoric reference on the long-term memory trace strength of
candidate antecedents can be investigated.
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CHAPTER VII
EXPERIMENT 3
A. Introduction
The purpose of Experiment 3 was to investigate the effect resolving an anaphoric
reference has on the long-term memory availability of the candidate antecedents. This
was done by presenting a series of recognition probes and having a filled delay between
the end of the passage and the probes; similar procedures have been used by O’Brien et
al. (1995) using a series of sentence verification probes but no delay, and O’Brien &
Myers (1987) . In particular, we are interested in the long-term memory availability of
the low-typical distractors for which we found a trend for inhibition in Experiment 2.
Both the anaphor and nonanaphor versions of the passages from Experiment 2
were used. The effect of the anaphor resolution process on long-term memory availability
was assessed by comparing recognition response times and error rates to probe words
following the two types of passages. Six probe words were presented after each passage
and the sequence of presentation was counterbalanced across passages. The recognition
probe word was either; (1) the antecedent, (2) the distractor, (3) a passage word which
was not a member of the anaphoric category, (4) a categorical foil, which was a high-
typical exemplar from the anaphoric category that did not appear in the passage,
or (5 and
6) a word that did not appear in the passage. The first three
types required a “yes
response and the second three required a “no” response.
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If an anaphoric reference increases the long-term memory strength of the
antecedent, response times to the antecedent should be faster in passages which contain
an anaphoric reference. This difference should occur regardless of the typicality of the
distractor; if a distractor was retrieved, the distractor’s typicality should affect the time
course, but not the outcome of the resolution process. Assuming the antecedent was
ultimately retrieved, the antecedent’s episodic strength will have been increased
whenever there was an anaphoric reference present in the passage. Such a prediction
would be made on the basis of several models of text comprehension (Kintsch & van
Dijk, 1978; Kintsch & Welsch, 1991; Langston & Trabasso, 1997) and of memory
models such as ACT* (Anderson, 1983), and SAM (Raaijmakers & Shiffrin, 1983). In
these models, items that are reactivated into the representation have a stronger memory
trace. For example, Kintsch and van Dijk (1978) hypothesized that recall of any
individual proposition is a function of the number of cycles in which that proposition
remains in the working memory buffer. Analogously, in SAM the trace strength of an
item increases each time it is retrieved. Kintsch and Welsch (1991) proposed that the
long-term memory strength of an item is a function of its final activation value, which in
turn is a function of how strongly each item is connected in the text. Under all of these
models, an antecedent which has been reactivated will have a stronger memory trace.
On the basis of results from Experiments 1 and 2, we concluded that a high-
typical, near distractor was active during the resolution of the anaphoric reference in
which the antecedent was far and atypical. However, the results of these experiments
further led us to conclude that it was not integrated into the representation as the
60
antecedent. There was a trend for the inhibition of the distractor in Experiment 2,
suggesting that its availability was altered during the resolution of the anaphoric reference
(Gemsbacher, 1989; Lucas et al., 1990; MacDonald & MacWhinney, 1990). There are
several mechanisms which have been proposed to account for this inhibition effect. If
inhibition had been the result of a reduction of activation for the distractor (Gemsbacher,
1989; Gemsbacher & Jescheniak, 1995), or if inhibition was a result of having labeled the
distractor as inappropriate (O’Brien, 1987), then recognition responses should be slower
for the distractor whenever there was an anaphoric reference in the passage. Under either
of these two mechanisms of accounting for inhibition, other words in the passage should
not have been affected during the resolution of the anaphor. Therefore, recognition
response times to nouns that are not members of the anaphoric category but were present
in the passage (referred to as “passage words”) will not have been negatively affected by
the occurrence of an anaphoric reference in the text. If, however, the inhibition effect was
a consequence of a redistribution of a limited pool of activation, then there should be an
inhibition effect for all concepts other than the antecedent. Therefore, response times will
be slower to both the distractor and the passage word probes following the passages that
contained an anaphoric reference than those that did not. Finally, as was seen in
Experiment 2, recognition responses were faster and more accurate to distractor than to
antecedent probes even immediately following an anaphoric reference. Distractors
should not have been more available than antecedent probes if focus had shifted to the
antecedent. Therefore, the immediate probe results are not easily reconciled with a shift-
in-focus hypothesis. This hypothesis can again be tested in the current experiment.
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Shifting the focus from the distractor following anaphor resolution may result in the
distractor being less accessible to an immediate probe; however, the distractor should not
be inhibited following the reading of the passage as a result of a shift in focus. Under a
shift-in-focus hypothesis, delayed recognition responses to distractor probes after reading
an anaphoric passage should be no different than responses following a nonanaphoric
passage.
Nouns that are not from the passage but are members of the anaphoric category
will be included as probe words. The fact that these categorical foils require “no”
responses makes it difficult to make strong predictions. If activation spreads to these
categorical members during the resolution of a categorical anaphor, they may be more
accessible in memory than if a categorical anaphoric reference was not in the passage.
We might then expect that during the probe task these items are retrieved from memory
faster than if they had not been activated during resolution. Thus, if response times to
these categorical foils are faster following anaphoric passages than nonanaphoric
passages, it would suggest that non-episodic members of a category had received
activation during the search process. Alternatively, we might expect slower responses
under the assumption that in response to the recognition probe, a familiarity check is
made (Gillund and Shiffrin, 1984). A positive outcome of this check would need to be
evaluated before a “no” response is made, resulting in slower response times. In any
event, it is difficult to make a strong prediction concerning probes that require a “no”
response.
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In summary. Experiment 3 was designed to determine what type of effect the
anaphoric resolution process has on long-term memory for candidate antecedents. We
expected to see faster response times for the antecedent following those passages which
contained an anaphoric reference due to the re-processing and integration of the
antecedent concept during the resolution of the anaphor. Whether an effect occurs for
the distractor, and what the nature of that effect is, should constrain the possible classes
of anaphor resolution process models.
B. Method
1. Participants
58 members of the University of Massachusetts community received experimental
credit towards psychology classes for participation in the study. The data from 2
participants were discarded due to equipment malfunction.
2. Materials
The 36 passages from Experiment 2 were used. Four additional passages were
written to enable complete counterbalancing of the probes. Only the type of reference
was manipulated in this experiment; passages contained either an anaphoric reference or a
non-anaphoric use of the categorical noun.
The passages were presented one line at a time. The rate of presentation was
controlled by the participant using a line advance key. The exact procedure is presented
below. Following each passage, the subject was first given a number and told to count
backwards by threes until presented with a “prepare for probe words (press advance key
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to continue)” message. After pressing the advance key, the subject was presented with
six recognition probes. The types of probes and their sequencing is described below.
3. Design
For each participant the experimental texts were randomly assigned with two
constraints, each participant saw 20 passages in each condition, and across participants,
each passage occurred in each condition an equal number of times. The order of passages
remained the same for all participants.
There were six probe words for each passage, they were of five different types: (1)
the antecedent, (2) the distractor, (3) a noun from the passage which appeared between
the antecedent and the distractor, (4) a high-typical member of the anaphoric category that
was not in the passage, and, (5) two nouns that were not in the passage and were not
related to the anaphoric category. The first three types of probes required “yes” responses
and the last two types required “no” responses. Each of the six probe positions contained
an approximately equal number of yes responses and no responses. Probe position
assignment was designed so that for half of the passages the antecedent appeared before
the distractor. In addition, the antecedent, the distractor and the anaphoric category
exemplar never appear next to each other in the list; this should have minimized the
possibility that they primed each other during the probe task. The two additional “no”
probes were placed in positions so as to maintain the above restrictions.
4. Procedure
Each participant was run individually in a session that lasted approximately one
half hour. All materials were presented on a computer monitor controlled by a
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microcomputer. Participants were instructed to place their right thumb on an advance
key, their right index finger on a "yes" key, and their left index finger on a "no" key. Each
passage began with the phrase "press advance key to continue." Participants were
instructed to press the advance key when they were ready to begin a passage. With the
first press of the advance key the first line of the passage was presented on the screen.
Each subsequent press of the advance key erased the previous line and replaced it with
the next line to be read. At the end of each passage, a randomly generated three digit
number appeared. The participant was instructed to count backwards by threes until the
number disappeared and the message “prepare for probe words(press advance key to
continue)” appeared. This occurred after five seconds. After a button press “XXXXXX”
appeared on the screen for 750 ms, after which the “XXXXXX” was replaced by the first
recognition probe word. After responding to the first probe word, the “XXXXXX” then
reappeared and was followed by a probe word for the second through the sixth probe
words. If a participant made an error on any probe word, the message “ERROR”
appeared on the screen for 1500 ms before the fixation “XXXXXX” reappeared. After
responding to the last probe word, the “press advance key to continue” message
reappeared to signal the participant that a new story was going to start. Each session
began with three practice passages to make sure that participants understood the
procedure.
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C. Results
1 Antecedent and Distractor Recognition Times
The mean recognition response times for the antecedent probe words are
presented in Table 6. Mean recognition response times for the distractor probe words are
presented in Table 7. Outliers were discarded using Tukey’s (1977) hinge criterion; this
amounted to less than 6.2% of the scores for the antecedent, distractor, and passage word
probes, and less than 8.3% for the categorical foil probes.
Recognition times for the antecedent and distractor probe words were analyzed in
a combined 2x2x4 analysis of variance (2 probe types x2 passage types x 4 probe
positions). Response to the recognition probes varied depending upon where the probe
was in the list of probe words. In general, responses were faster when the probe appeared
in later positions; Fi(3,165)=33.207, MSE=1 3, 129.895, F2(3,l 17)=28.821,
MSE=9,0 18.247.
Overall, responses to antecedent probes were faster than responses to distractor
probe words. This was true in both the subjects and items analyses; Fi(l,55)=5.616,
MSE=28,768.715, F2( 1,39)= 4.061, MSE=28, 192.349. However, within the antecedent
probe words, responses tended to be faster following anaphoric passages than following
nonanaphoric passages, whereas for the distractor, responses were slower following the
anaphoric passages than the nonanaphoric passages. This interaction of probe type
and
passage type was significant by subjects; F|(l,55)=4.208, MSE=1 1,322.637, but not by
items. This pattern was particularly true when the antecedent and distractor
probes
appeared in the first position; there was a facilitation of 20 milliseconds
tor the
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antecedent compared to an inhibition effect of 33 milliseconds for the distractor. This
probe type by passage type interaction for probes appearing in the first position was also
significant by subjects; Fi(l,55)=4.154, MSE 38,615.309, and not by items. Furthermore,
the 33 millisecond inhibition effect for distractor probes appearing in the first position
was marginally significant by subjects; Fi(l,55)=2.966, MSE=2 1,665.820, p =.09.
Although all of the significant effects can not be generalized to the population of items,
the small number of occurrences of each item in each condition (five items for each
passage type in each position) and the variability of responses across subjects, may have
contributed to the lack of significant effects by items.
Table 6. Mean Recognition Response Times (in msec) for the Antecedent Probe Words
as a Function of Passage Type and Probe Word Position in Experiment 3. Percentage
Errors are in Parentheses.
Probe Word Position
Passage Type Pos. 1 Pos. 2 Pos. 3 Pos. 4 Mean
Anaphoric 854(12.9) 733 (13.9) 713 (11.4) 728 (16.1) 757 (13.6)
Nonanaphoric 874(14.3) 728(12.1) 731 (12.1) 721 (11.5) 763 (12.4)
A-NA -20 5 -18 7 -6
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Table 7. Mean Recognition Response Times (in msec) for the Distractor Probe Words as
a Function of Passage Type and Probe Word Position in Experiment 3. Percentage Errors
are in Parentheses.
Probe Word Position
MeanPassage Type Pos. 1 Pos. 2 Pos. 3 Pos. 4
Anaphoric 930(17.5) 762(11.4) 753 (13.6) 749 (16.8) 799(14.8)
Nonanaphoric 897 (15.0) 716(10.0) 740(16.8) 750(13.2) 776(13.7)
A-NA 33 46 13 -1 23
2. Passage Word Probes and Categorical Foil Probes
Mean recognition response times for the passage words probes (words from the
passage that could not be considered exemplars from the anaphoric category) and the
categorical foils (high-typical exemplars from the anaphoric category that did not appear
in the passage) are presented in Table 8. Recognition responses were analyzed separately
for the passage word probes and the categorical foil probes in a 2x4 ANOVA (2 passage
types X 4 counterbalancing sequence sets). Although the antecedent and distractor probe
words positions were counterbalanced in the list of probe words, the other types of probe
words were placed in positions so as to meet certain constraints (e.g., so that the
antecedent and distractor never appear consecutively). Because responses
for the passage
word probes and categorical foil probes did not vary across counterbalancing
sequences,
only the mean response times for the four sequences are
presented m Table 8.
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Responses to the passage word probes were faster following an anaphoric passage than
following a nonanaphoric passage; this 25 millisecond facilitation effect was significant
by both subjects and items; F|(l,55)=5.672, MSE= 12,545.282, F2(l,39)=3.978,
MSE=9,684. 189, p=.053. The analysis of the categorical foil probes reveal no significant
effects (p>.30).
Table 8. Mean Recognition Response Times (in msec) for Passage Word Probes and
Categorical Foils (“no” response) as a Function of Passage Type in Experiment 3.
Percentage Errors are in Parentheses.
Probe Word Type
Passage Type Passage Word Categorical Foil
Anaphoric 819(17.6) 886 (24.2)
Nonanaphoric 844(18.9) 878 (26.3)
A-NA -25 8
3. Error Rates.
There was no effect of passage type on error rates for any of the probe word types.
An analysis of mean error rates revealed that responses to antecedent probe words
were
not more accurate (13%) than responses to distractor probe words (14.3%); t,(55)= 1.383,
p_ j"72, t2(39)=-593» p=.557. Responses to antecedent and distractor
probe words were
both more accurate than responses to passage word probes (18.3%); ti(55)=4.441.
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t2(39)-1.910, p=.063, and t,(55)=3.515, t2(39)=1.805, p=.079 respectively. Responses to
categorical foils (25.2%) were less accurate than any of the other three probe types;
t,(55)=7.414, t2(39)=4.438 versus antecedents, t,(55)=6.635, t2(39)=3.898 versus
distractors, and t,(55)=3.871, t2(39)=2.1 19 versus passage words.
D. Discussion
The delayed probes of Experiment 3 and the immediate probes of Experiment 2
provide evidence that the anaphors are correctly resolved; that is, that the antecedent was
reinstated. This hypothesis is supported by three pieces of data: first, the significant
facilitation effect for antecedents and the trend for an inhibition effect for distractor in
Experiment 2; second, the same trends in Experiment 3; and third, the fact that responses
to antecedent probes were faster than responses to distractor probes in Experiment 3.
Although the facilitation and inhibition effects in Experiment 3 were not significant, they
were strongest for probes in the first position where there is no chance for the other
probes to have any effect on the retrieval process. On the basis of the large facilitation
and inhibition difference scores in the first position, it is reasonable to expect that those
effects would be significant if this experiment were to be redone with the antecedent and
distractor probes presented in the first position for every passage.
If the apparent inhibition effect can be shown to be reliable in future experiments,
it would pose serious problems for the shift-in-focus hypothesis. Combined with the fact
that in Experiment 2 the distractor was more available than the antecedent immediately
following the presentation of the anaphor, it casts doubt on the validity of the shift-in-
focus hypothesis. Additionally, the trend towards inhibition for the distractor could not
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have been due to a general decay of activation level because passage words were not
similarly inhibited. The pattern of inhibition for the distractor probe and facilitation for
both the antecedent and the passage word probes is consistent with two hypotheses; either
inhibition of the distractor was (1) due to “suppression,” a reduction of activation for the
distractor alone (Gemsbacher, 1989; Gernsbacher & Jescheniak, 1995); or (2) it was a
consequence of having labeled the distractor as inappropriate, in other words, labeled
with a “no-tag” (O’Brien, 1987). According to the suppression hypothesis, activation will
be lowered on the distractor due to increasing the activation level of the antecedent. As a
result of having a lower level of activation, the time to respond to a distractor probe word
following an anaphoric reference will be longer than when there is no anaphoric reference
and the distractor’ s activation level will not have been “suppressed.” According to a no-
tag hypothesis, the distractor will be marked inappropriate by attaching a “no” tag to the
concept. Because the “no” tag does not match the “yes” response required to the probe
word, the response takes longer to complete than when there was no anaphoric reference
and therefore no reason to mark the distractor as inappropriate. These two hypotheses
cannot be distinguished on the basis of this set of experiments.
The facilitation effect for the passage word probes is consistent with results
obtained by McKoon and Ratcliff (1980). They found that resolving an anaphoric
reference resulted in an increased level of availability for words contained in the same
proposition. For example, in the following passage:
(1) A burglar surveyed the garage set back from the street.
(2) Several milk bottles were piled at the curb.
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(3) The banker and her husband were on vacation.
(4a) The burglar slipped away from the streetlamp.
(4b) A cat slipped away from the streetlamp.
they found that “garage” was responded to faster following passages containing the
anaphoric reference to the “burglar” (4a) than when the probe followed passages which
did not refer back to the “burglar” (4b). McKoon and Ratcliff assumed that the resolution
of the anaphor resulted in the reinstatement of propositions which contained the
antecedent. Therefore, “garage” was reinstated as a consequence of being in a
proposition with “burglar.” However this account doesn’t readily explain the facilitation
effect for passage words. In Experiment 3, the probed passage words were not
consistently in the proposition containing the anaphoric reference. Second, Dell,
McKoon and Ratcliff (1983) determined that the facilitation effect for concepts in the
same proposition was short-lived, disappearing after 1250 milliseconds; the probes in
Experiment 3 were after the passage following a delay, well outside the 1250 millisecond
period.
The facilitation effect for passage word probes may be consistent with Kintsch’s
Cl model (1988) or Myers and O’Brien’s Resonance model (in press). With several slots
in the working memory buffer, the passage word concept may acquire activation or
“resonate” along with the antecedent. This hypothesis still leaves unexplained the lack of
a similar facilitation effect for the antecedent. Perhaps the non-significant effect for the
antecedent can be explained by looking at the recognition times for the nonanaphoric
baseline in the antecedent and passage word probes. In three of the four positions, and on
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average, the response times to the antecedent probes were faster than responses to the
passage word probes in nonanaphoric baseline passages. It is possible that the
antecedents have a greater number of connections than the passage words as indicated by
these faster baseline responses. As a consequence, a facilitation effect may be found
more easily against the slower passage word baseline than against the antecedent’s
baseline. The response times for the antecedent probes may be near floor in the baseline;
as such it may not be possible to obtain a significant facilitation effect.
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CHAPTER Vm
GENERAL DISCUSSION
In order to fully understand a text, a reader must be able to successfully find a
referent for an anaphoric phrase. Although the process of anaphor resolution occurs
easily in skilled readers, the exact process is not completely understood. In fact there are
several aspects of anaphor resolution, all of which have been studied and offer clues
about the nature and the result of the anaphor resolution process. Eye movements and
reading time have been examined to develop a sense of the time course of the resolution
process and various factors which might influence that time course (e.g., Corbett, 1984;
Duffy & Rayner, 1990; Ehrlich & Rayner, 1983; O’Brien, 1987, Vonk, 1984). Probe
response times have been measured in order to gauge the changes in activation or
availability of antecedents and other concepts before, during or immediately following
resolution (e.g., Gernsbacher, 1989; Lucas et al., 1990; MacDonald & MacWhinney,
1990; O’Brien et al., 1990). Several researchers have investigated the long-term
consequences of having resolved an anaphor through the use of delayed probes
or
verification times (e.g., O’Brien, 1987; O’Brien et al., 1995). To develop
a complete
understanding of the time course, the nature, and the result of anaphor
resolution, all three
of these methods must be employed. To that end, the resolution
of categorical anaphors
has been investigated in the current set of experiments;
first, by examining eye
movements when the relative strength of association between the
anaphoric category and
the antecedent and a distractor was varied; second,
by measuring recognition responses to
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probes of the antecedent and distractor for a situation in which the distractor was more
accessible than the antecedent; and third, by investigating the consequences of resolving
an anaphoric reference to a less accessible antecedent on the antecedent, the distractor,
and several other concepts.
The results of our experiments are consistent with the following general
framework. A discourse representation can be assumed to be comprised of an
interconnected network of nodes representing concepts and propositions (e.g., Anderson,
1983; Kintsch, 1988; van Dijk & Kintsch, 1983; Gillund & Shiffrin, 1984; Myers &
O’Brien, in press). Within this framework, nodes and their links are assumed to vary in
strength, and these strengths determine the activation flow from one node to another.
When a word is read, activation accumulates on those propositions that are related to it.
Propositions that share some type of relation to one another, such as featural or argument
overlap, are linked in the text base representation. Then, activation builds on nodes that
are linked to the current word on the basis of these relationships between propositions; as
a concept acquires a sufficient amount of activation, it may be integrated into the
discourse representation. As a result of the integration process, the trace strengths of
those integrated propositions are assumed to be incremented (Kintsch and Welsch, 1991).
In order to resolve an anaphor in this framework, activation must build on the antecedent
until it is identified. Once identified, it may be integrated into the representation; at that
point, the antecedent should be strengthened in memory.
The results from Experiment 1 suggest that the strength of association of
candidate antecedents, their distance from the anaphor, and the presence of alternative
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candidate antecedents all influence the time required for the antecedent to be accessed
and selected. These access and selection processes are reflected in the time the eyes spend
on the categorical anaphoric noun itself. The time the eyes spend processing the words
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following the anaphoric reference are influenced by the time the reader needs to verify
that the selected concept is the antecedent and integrate it into the representation.
Consistent with the results of Duffy and Rayner (1990), it was found that the verification
time was influenced by the typicality of the antecedent; atypical antecedents took longer
to verify than typical. Experiment 1 also provided evidence that the reader may
incorrectly select a near high-typical distractor over a far low-typical antecedent and as a
consequence regress to the disambiguating adjective and spend more time processing the
words following the anaphoric noun. Recognition response times from Experiment 2
suggested that the distractor was more accessible than the antecedent. However, the
correct antecedent was successfully retrieved as indicated by the facilitation effect for the
antecedent. This was supported by the delayed probe results from Experiment 3, in which
it was found that the antecedent was more available than the distractor along with a trend
for responses to be facilitated following the reading of an anaphoric reference passage.
Experiments 2 and 3 together provided support for two hypotheses; either marking
a non-antecedent as inappropriate leads to inhibited recognition responses following an
anaphoric reference (O’Brien 1987); or lowering the activation of an inappropriate
antecedent results in an inhibition effect for distractor probes (Gernsbacher, 1989). The
trend for an inhibition effect for distractor probes both in an immediate recognition task
(Experiment 2) and a delayed recognition task (Experiment 3) and no similar inhibition
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effect for other probe types indicates that, if the inhibition effect is real, it is limited to the
distractor concepts. If during the resolution of an anaphoric reference a distractor is
marked as inappropriate, then a natural consequence is that inhibition will occur only for
that concept. Likewise, if during resolution the activation of a distractor concept is
lowered because it was not the correct antecedent, then inhibition will occur only for the
distractor.
That distractors were more accessible than antecedents following an anaphoric
reference in Experiment 2 combined with the inhibition effect for delayed probes of the
distractor in Experiment 3 is inconsistent with a shift-in-focus hypothesis. Additionally,
the hypothesis that the inhibition effect for distractors is caused by a lowering of
activation for all concepts other than the antecedent is inconsistent with the facilitation
effect found for probe words which appeared in the passages but were not categorically
related to the anaphor.
The results from these three experiments and those of experiments reviewed in
this paper support an anaphor resolution process within our general framework which has
the following characteristics. First, anaphor resolution consists of a three stage process,
which are; (1) Identification, (2) Selection, and (3) Verification. The identification and
selection processes are reflected in the amount of time spent processing the anaphoric
noun. These two stages can be represented by either a limited capacity search model or
an exhaustive search model. At this point the results of anaphor resolution experiments
are consistent with either model. After the identification and selection stages are
finished, the verification stage is entered. The selected antecedent is then matched to the
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anaphoric phrase to verify that it is a member of the anaphoric category. The retrieved
antecedent is then integrated into the discourse representation and anaphor resolution is
complete. The integrated antecedent is subsequently strengthened in long-term memory
and becomes more accessible to memory probes. If any inappropriate antecedent (i.e., a
distractor) is accessed during resolution, it is either marked as inappropriate or
suppressed, resulting in an inhibition effect as seen in both immediate and delayed
recognition probes.
Although it is not obvious how to distinguish between the limited capacity model
and the exhaustive search model, both provide a reasonable account of the search process
in anaphor resolution. In fact, though their search mechanisms are different, both models
share assumptions concerning what factors affect activation levels. For example, both
models would share the assumption that activation is a function of the distance between
the anaphor and the referent. This assumption was supported by faster response to
recognition probes for near antecedents than far antecedents (Mason, 1997). Either
model would predict that a more available distractor would be selected before a less
available antecedent. This is consistent with the hypothesis that near, high-typical
distractors are selected before far, low-typical antecedents. Also, using either model we
would expect additional processing time when two candidate antecedents are readily
accessible. This prediction is supported by the results from Experiment 1, Corbett
(1984), and Mason (1997).
Further support for the depiction of the anaphor resolution process presented here,
can be provided through additional research. One issue that remains is the concern over
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whether these results can be generalized to more distant references. In the current
experiments, both candidate antecedents appeared fairly close to the anaphoric reference;
in fact, the distractor appeared in the immediately preceding sentence. The relative
distance between the anaphor and the candidate antecedents combined with the typicality
of the antecedent and distractor was a critical factor in determining their accessibility. In
contrast, O’Brien and Myers (1987) have found that increased distance does not effect
anaphor resolution when both the antecedent and the distractor are backgrounded; that is,
when several sentences about a different topic are between them and the anaphor.
However, O’Brien et al. (1990) have shown that when the elaboration of the antecedent
and distractor are varied, even if they are both backgrounded, both the relative position
and the degree of elaboration of the candidates will determine if the distractor is accessed
during resolution. It remains to be seen if results similar to those found by O’Brien et al.
(1990) will occur if both typicality and distance are varied for backgrounded antecedents
and distractors.
A second issue is the importance of the number of distractor candidates. If we are
to take seriously the view that text comprehension is memory based (McKoon, Gerrig &
Greene, 1 996), then we should expect phenomena that are observed in memory
experiments to generalize to text comprehension. One such memory phenomenon is a fan
effect; Anderson (1976) found that increasing the number of unrelated links to any node
slows the spread of activation to any one node. For example, by listing a character at
three different places, Anderson found that the time to verify that the person was at any of
the three locations was greater than when the person was at two locations, which was
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greater than the time required for one location. Up to this point, passages have only been
used which either had no distractors present or contained one distractor. If the distractor
effect is due to activation being divided between two concepts, then consistent with
Anderson’s results, additional distractors should lead to even longer processing times.
This hypothesis is easily tested through experiments in which passages are used that
contain two or three distractors.
The strength of the effects in the long-term memory probe experiment is a third
issue. The facilitation and inhibition effects observed in Experiment 3 were relatively
weak, but were strongest in the first position. There are three ways we can further
investigate the nature of the long-term memory strength of the antecedent and distractor.
First, long-term memory probe experiments in which the critical word appears in the first
position can be used to replicate the results from Experiment 3. Second, other tasks which
tap long-term memory such as free recall can be used; for example, we might expect that
the antecedent is produced more frequently in recall following an anaphoric passage than
a nonanaphoric one. We might also expect that the recall of the distractor will be less
frequent or inaccurate following the anaphoric version than the nonanaphoric version. A
third task in which we can investigate the result of anaphor resolution is through reading
times on passages which are continued after the anaphoric reference in the following
manner. Consider a text in which a protagonist, Cindy, wants to grab a snack. Cindy has
a choice between a ripe apple and a large orange. Cindy then chooses the ripe fruit. If we
later refer to the distractor item (the orange), is there an increase in reading time in
comparison to a no-reference condition because it has been marked as the inappropriate
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fruit, or is there a decrease in reading time because the distractor had been considered in
the identification phase and therefore recently received some activation? Thus, by
referring back to either the antecedent or distractor later in the passage, it may be possible
to determine if there are long term benefits or costs to considering the distractor but
integrating only the antecedent.
In summary, the results from three experiments demonstrate that the time course,
nature and result of the anaphor resolution process is affected by factors which affect the
accessibility of antecedents, such as distance between the anaphoric reference and the
candidate antecedents, relative strength of association between the anaphoric reference
and the candidate antecedents, and the presence of distractors. The results were discussed
in terms of a three stage model of anaphor resolution. Further experimentation is
necessary to see if this three stage model generalizes to other situations and what other
factors may influence the stages.
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Footnotes
' Technically, Anderson referred to strength of the link between nodes; however,
in this paper this will be referred to as strength of the antecedent, or distractor, or the
node.
^ To be precise, “first pass times” for one word regions are “gaze durations.” For
the sake of consistency across the results reported for all regions, only the term “first pass
times” will be used even though the target region is only one word.
^ Decay in ACT* (Anderson, 1983) is implied in the change in activation of a
node I at time t being negatively proportional to the current activation level. For
simplicity, this can be assumed to be zero for near candidate antecedents and - A for far
candidates.
^ Admittedly, it is possible that there is not a exact relationship between when the
eyes move and the stage of processing that is beginning/ending.
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